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ARTICLE INFO ABSTRACT
Keywords: The JENSA gas-jet target was designed for experiments with radioactive beams provided by the rare isotope
FRIB re-accelerator ReA3 at the National Superconducting Cyclotron Laboratory. The gas jet will be the main target
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SECAR

for the Separator for Capture Reactions SECAR at the Facility for Rare Isotope Beams on the campus of Michigan
State University, USA. In this work, we describe the advantages of a gas-jet target, detail the current recirculating
gas system, and report recent measurements of helium jet thicknesses of up to about 10" atoms/cm?. Finally a
comparison with other supersonic gas-jet targets is presented.

1. Introduction

The Jet Experiments in Nuclear Structure and Astrophysics (JENSA)
windowless gas-jet target has been installed at the rare isotope beam
facility ReA3 [1] at NSCL (National Superconducting Cyclotron Labora-
tory, East Lansing, Michigan, United States) on the campus of Michigan
State University (MSU). JENSA enables direct measurements of various
hydrogen- and helium-induced astrophysical reactions in inverse kine-
matics with radioactive, low-energy beams provided by NSCL and, later,
with beams available at the Facility of Rare Isotope Beams (FRIB) [2-
4]. The ReA3 facility can provide ion beam energies between 0.3 and
6.0 MeV/u.

In a stand-alone operational mode, the JENSA gas-jet target at ReA3
can be surrounded with silicon detector arrays in order to measure the
lighter reaction products from e. g (a,p) reactions that play a critical
role in the ap-process in X-ray bursts [5]. Simultaneous measurements
of (a,a) reactions give the opportunity to test and to improve a-
optical models potentials for exotic nuclei, which are presently poorly
constrained [6]. With the JENSA gas-jet target, (d, p) neutron-transfer
reactions in inverse kinematics can be used to extract information about
(n, y) capture reactions and, in some cases by taking advantage of mirror

symmetry, (p, y) cross sections on unstable nuclei of interest for astro-
physics. This method is described e. g in [7]. Simultaneously measuring
(d, d) reactions can further constrain the derived capture cross sections.
Proton capture reaction resonance properties of importance for the rp-
process in classical Novae [8,9] or X-ray bursts [5,10,11] can also be
determined with JENSA using proton scattering, or (*He, d) proton-
transfer reactions.

JENSA will serve as the gas target for the recoil separator SECAR [12]
currently under construction at MSU. In combination with SECAR and
additional y-ray detectors, JENSA will enable direct measurements of
(p, y) and (a, y) reactions of astrophysical interest in the rp-process in
Novae and X-ray bursts, in the synthesis of long lived radioactive iso-
topes in explosive Si burning in supernovae [13-15], in the vp-process in
supernova neutrino driven winds [16], and in other astrophysical sites.

The JENSA gas-jet target has been optimized to take advantage of
low-intensity radioactive beams. The high gas compression of more
than 2.5MPa provides an unprecedentedly high number density of
~10" atoms/cm?. Unlike plastic thin-foil targets or gas targets with
windows, the gas-jet target is chemically pure, reducing beam-induced
background as well as energy straggling and angular scattering. The
excellent reaction localization within a few millimeters enables precise
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Table 1
Measured flow of compressed “He gas and ambient pressure around the gas-jet target for
compressor discharge pressures in the range of the measurements. Note that Reference
[17] reports over-pressures with respect to atmosphere, as psig in the first row, whereas
the present work states absolute pressures, as MPa in the second row.
Compressor discharge pressure  (psig) 100 150 200 250 300 350 400
(MPa) 0.79 1.14 1.48 1.83 2.17 251 2.86

“He flow in front of the nozzle (dm’/s) 4.7 6.2 7.7 92 10.8 125 14.2
Ambient pressure around the jet (Pa) 51 6.9 87 10.7 13.3 15.2 173

measurements of angular distributions and a good mass separation of
recoils from scattered beam when combining JENSA with the SECAR
recoil separator. Recirculation of the target gas in JENSA enables the
use of expensive gases such as >He. The design of the JENSA system
minimizes the amount of gas needed to about 160 liters at standard
temperature and pressure.

A previous instrumentation paper of JENSA [17] describes the initial
configuration at Oak Ridge National Laboratory (ORNL); here we discuss
the implementation at NSCL. The subsequent section describes changes,
upgrades, and new features of the JENSA system at NSCL. Then we
describe in detail the current configuration of the recirculating gas sys-
tem at NSCL and present results from nozzle optimization experiments
and precise measurements of the target thickness. Finally, we compare
JENSA with other supersonic gas-jet targets.

2. New features of the JENSA system at NSCL

The JENSA recirculating gas system at NSCL features an improved
pumping scheme (Section 3), where e. g the EBARA A10S multi-stage
dry vacuum pumps at the final pumping stage before the compressor in-
let were replaced with three Leybold DRYVAC DV 650 dry compressing
screw vacuum pumps to provide more reliable operation and remove
the need for some gas to be bled into the EBARA labyrinth seal. In
combination with the pumps, a new water cooler was installed, reducing
the gas temperature before the last compression stage. Additionally, a
new collar (Fig. 1) was installed on top of the vacuum chamber that
supports a new nozzle mount equipped with multiple set screws for a
precise alignment of the nozzle in all three dimensions to within 0.1 mm.

In contrast to the original setup at ORNL, the compressor is now
located close to the target chamber surrounded by other experimental
stations and work places posing particular challenges for the reduction
of noise and vibrations. The compressor is installed on top of a concrete
base that is elevated by one meter to give additional space for pumps
underneath and hence a more compact setup with a minimum total inner
volume. To dampen vibrations, the platform is mounted with springs to
a support structure of steel. The compressor and its base are enclosed
with pads of noise isolating material, reducing the sound pressure level
directly next to the compressor from approximately 83.1 to 72.8 dB(A),
corresponding to a reduction of the audible noise level by about a factor
of two.

Another upgrade is the implementation of a new beam viewer
(Fig. 2) at the target location. This addresses the long standing problem
of ensuring complete beam overlap when using gas jet targets [18, p.
725]. The viewer can be inserted exactly at the position of the jet,
enabling beam tuning to match the jet properties. At instantaneous beam
rates of more than 1000 particles per second the beam can be visualized
on a fluorescent plate coated with red CRT phosphor Y202S:Eu from
Nichia (Tokushima, Japan). This plate is \/ﬁ mm wide, 8 mm high and
mounted at an angle of 45° with respect to the beam axis. The horizontal
lines of its carved grid have spaces of 2 mm, the vertical lines are \/E mm
apart, so that the projection of the plate perpendicular to the beam axis
is a4 x 4 grid of 2 mm x 2 mm cells. For intensities lower than 1000
particles per second, the maximum transition through the center of the
gas jet can be verified by transmission studies with and without two
2- and 4-mm wide slits in conjunction with a downstream ionization
chamber or other detectors. The viewer is attached to a stepper motor
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Fig. 1. Collar on top of the vacuum chamber that enables precision alignment of the
nozzle in the sub-millimeter range and allows the high pressure line to enter the chamber
through one of the eight new ports for maximum flexibility. The new mount reduces the
solid angle around the target lost to hardware significantly.

2-mm slit

4-mm slit

fluorescent grid

Fig. 2. Computer-aided design of the new JENSA beam viewer, that features a 4 x 4-mm?
and a 2 x 4-mm?” slit for transmission studies with low-intensity radioactive ion beams with
less than 1000 particles per second, as well as a fluorescent plate featuring a carved grid
with 2-mm spacing projected perpendicular to the beam axis. The plate is coated with red
CRT phosphor Y202S:Eu, that is sensitive to beams with more than 1000 particles per
second.

drive outside the chamber with a 50-mm stroke. Tests during alignment
demonstrated that the viewer position is reproducible to less than a
tenth of a millimeter.

3. The recirculating gas system at NSCL

A maximum helium gas pressure of about 3MPa is provided by a
PDC-4-100-500(150) two-stage industrial grade diaphragm compressor
(Fig. 3). A high pressure storage vessel at the compressor outlet realizes a
constant outlet pressure by dampening pressure fluctuations due to the
moving diaphragms (see [17] for further details). For example, when
the compressor gauge Gypstream (Fig. 3) measured a fluctuating pressure
between about 2.8 and 3.0MPa, gauge Gpjsharge Showed a constant
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